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(1) MABM:

BAVE YRR ZETIC BV, @iE L —H%— 27 & JJKAREN 23B#fcbhs, HELR J-
KAREN FIH#FsED—2I2, L —HF—IHIZ LD ETR VT —A A E—LERDBH D, FmTX
WX — A F B ERT AT, B2, L0 —F—2 52 L TRIEETH S, LML,
Bz L —F—MH LT, BIEHRRET= LY —A 4 (2200 MeV/u) ZARKT 5I121%
L—HF—MERRITE L0 TiERW., £Z T, ENICET RN T —A F U 2ART D542
2l —va IR DFEL, TELRETE VXX —DA U BART D250 25T
HZENEBELD, T, LW —A AT, £ OBROREE & ZEEBIEF /NN T,
FERT T CEGEEE L MFT 21T ) OIXREETH D, Lo T, ava—FIal—rars
FAWT=BSOF Mgl E RN EE L 70D, 22Tl b=V —A FUIEICB VT, R
IR RN T — A A B ERT D52 BROIZFE R L72 2L PIC v X 2 L—3 3 U OfER
EWET D,

(2) FARE-ER:

L—H#— 27 A JJKAREN (H177=783 TW, & =1x1022 W/cm2, =R/IL¥—=25J) %
0.1 pm JEDOARY =F L (-CHe) HEMIZHEE AN L72RFD 2D PIC ¥ a2 L—3Y 3 UFERZ X
VISR, ACEH NS x i, |EHFEICy @2 ER L, BRIy —7 Y bfLo b —3 —E
AIZE PN TWD, BaRRZNE, L—F— SV Z2OHRLRPI X — 57y M RmIZEES DR %
t=0 L LTV, t=-67fs NPHMREETH D, L—F— UL AL, FIHIICBWNTE—4 v hO-x il
WCERINTEY, +x FRANETLTWD, ARG HIEEO=RAF—ETaSITINTEY,

LR OBREHFIE RN+ ThHDHZ EERLTND, F/o. RFBEAL VITFETREIN
TW5b, t=33fs 2BV T, L—H—rn2x b —Fy MNIMLSHAEERALTEY, b—39—x
NAD—EIEE —7 y M@ L, Flo—MIIRA LTS, Tk, L—F—REHTICE
WT, CH: #—7 v MIBEL TEY ., IRFBA T NEOHHTIZHAA L, BrnZolEy %
-UiOLAﬁLTW5OWﬁiZ”%*@%%i\%@ﬂ@%%ui@f%éon3ﬁKﬁ
WTC, =7y e b—F— L ZOMEEERIRIZIER T LTS, ZORE, #—57 >y MIEL
<HERLTERY | B3+ RnEEl ﬁ§<\ﬁb RFEA A ATHFOFITITOA LT D, +x il
(L—H =T H M) i@ 2 X — G0 AE L, ZORRKZRLF—L332MeV TH
%, FIUAERZ. %%%%@@%ﬂ%f@ﬂfbtﬁﬁélz_r#o::fi\mz&:m&)
DF =7y MEREICRT L1, P& —5 > NE2EARFRIC 5 DICHFICHEIL, &k
%%_&Lﬂﬁéé%ﬁifméom%%ﬁ/iﬁéw—ékbfméoHlkébﬁfﬁé:
LT, ERZRNAX—OIE, L—F—HHEEThoEb-x MOMHEE GRADTHER) bk T
WD ZENGIND, TOWRICETRAX—IRORKEOHEE Rb+x ), £ L THORAOMHE
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(4) RRVANMNZER, TLAREK., RX%):
1) Topological investigation of laser ion acceleration , T.morita , Plasma Physics and
Controlled Fusion , vol 62, 105003, 2020.8
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Ultrahigh Intensity Laser Relativistic Mirror Interactions

James Koga
T E— AR VSRR e T
BT REICH AR L — 1 — BRI L — 7

(M) MABM:

Ultra-high intensity lasers, “driver lasers”, propagating in low density plasmas can
generate plasma waves behind them. These plasma waves can have a large amplitude in
terms of electron density. These plasma waves moving at velocities close to the speed of light,
called relativistic flying mirrors (RFM), can reflect counter-propagating lasers, “source lasers”,
and the reflected waves are up-shifted and compressed via the double Doppler effect. This
effect has been shown to occur theoretically, numerically and experimentally for low intensity
source lasers. It was the object of this study to determine via two-dimensional particle-in-cell
(PIC) simulations whether even high intensity source laser pulses are reflected and by focusing
the ultra-high intensity driver laser which generates the RFM’s whether the reflected pulses

are further focused.

(2) FARE-ER:

We used the open source PIC code EPOCH to perform two-dimensional simulations of the

colliding of two high intensity laser pulses. Figure 1 shows a schematic of the simulation with

the counter-propagating driver and 30,.um

source pulses both having focused
intensities of 1.25x102! W/cm2 with
wavelengths of 1 micron. The

simulation box was chosen to have

dimensions of 40 microns and 60

Driver— <—Source

microns in the x and y directions,
respectively, with a grid resolution of
2048 and 128 cells in the x and y
directions, respectively. The blue

region indicates the location of the

-30 um
0um X 40 um

lines in the figure indicate the initial Figure 1 Schematic of two-dimensional simulation

background plasma. The dashed

focusing of the driver laser and
defocusing of the source laser. Figure 2 shows a schematic of the laser pulses after they have
passed through each other. A short pulse was found to be reflected off the RFM and was
focused. The reflected pulse was found to have a short duration and shorter wavelength than
the original source laser. This showed that even a high intensity source pulse could be
reflected and focused by the RFM.
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() SEROMATPE:

It has been shown theoretically and in one-dimensional PIC simulations that there

is an optimal source pulse
duration for the reflectivity. In
the next step we will examine the
same situation by varying the
duration of the source pulse and
looking at the characteristics of

the reflected source pulses.

4) BBUANMESR, TURAHERER, RX
).

FRIER

30 um
Reflected pulse
y
—Source Driver—
Plasma
-30 um
oum X 40 um

Figure 2 Schematic after the lasers have passed each
other. A reflected pulse was observed which was

focusing.

1) Relativistic Mirrors as Sources of Short Wavelength Radiation and Fundamental
Physics ,James K. Koga, et al. ,&5 25 [1] NEXTGME ~ 5~ 2)#F7e4 | Kyoto, Japan ,

2019.8 (Oral)

2) Using Relativistic Flying Mirrors for High Field Science, James K. Koga, et al. ,3rd

Conference on Extremely High Intensity Laser Physics, Stanford, California, USA,

2019.9 (Oral)
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B — AR BRI R
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(1) FABM:

INET, L—Y—lckamLiEr /# (109 8) AL —HF - X 28R EFIHA LS
DPRETH-Te, LLIEET =4 MY (105 F) fEROME SV A L—F =2 LD IMLAEH
BEDTVD, B =KrIRENIr =2 (1012) HEHETH LD 7 = A M/ UL RITE D DI
FACZ R NF =BT T DRNCHRA R T35, ZODEGEE DD TO 2R\ Eg 7o LA
TE 5, Flo, MEASVAL—F— I =7 MELZEmD LD T2 DEHFWRILL b o R Vi &
W o T2 IERRTE AR & R U 72 8K - iR O RSB I AN AR & 72 5

ZORRIZRIRDOZ N T = A MNP L—F— ML TH L, BTIREILVEW &0 68T 5
BHRNIEFICEBEIC > TL B, BFRIEIZ ANV R« N2 RNEBLNKOBESLY A 7V k04
W7 M (1018F)) CTRXD-OEFHA T I A ERE TR DILERDH D, —HE ik
XV WE DN EL 2 BT D720 WENE COBILTRECM, KB, /X
K&t - B A B & B Z A MERDH D, LV —lR%IC TR X — Ok L E
& FEAER DR & iz e an o B e T guIsf+ 5, ko thn, 7=
ARPL—F—INTEZIIal—rarOfmnbBExs L, A%, BT %, B
) MBENE L 0 D RFZE R — v D4 GE D MERE ORI A BICR D MERH D | iR
D TR ZEG R TH LD I NE TICENTH RV I 2 L—a VRERLETH D,

AMFFETIIZEF XA T I 7 A% IERERAICFHR T & 2 RFRHKF% EILEA%dE (TDDFT) L&
W F AT I 7 ARk T A~ 7 Ay 2 VR Z@MA LESHE I —raraHnTL
— =T X HWEREOEBEFEOEMEE HIEL T\ 5,

(2) FIARB-HBR:

FIHNE 1

U ar ORI S Y 3 REA~DOWEE 800nm O L —W —MIKAMEE L, & FRERiES TR
ExENEF Y U TIREICERT 25EEZITo7-, M1Icy ) aroitEfERE s L7 (J.J. Appl.
Phys. 126, 203101 (201975588, AZ13F v V7 (OR) KOZELL (F) O & IREEE O
TRLIELDTH D, IR O OIERECHENIMES Yy 7o DZXNLF—Th D, &K
FH TRV T L F— P E 2Lt AR LTV A28, AT < IZREV R B = x v
F—AREEICUDEMR L TORWER DD, ZORESANLET « ZIENETNORE Z 7B
6D &, FEEEHN L EHIRE & EREOEAREMETROND A, WENHTIL—ED
BELRDZENgholz, THUTRFE TIE b FVIRICED ZL O K ALY RIETO
FhL AL & 25— 05, RERCIXBEE N 72 D - O STl = & 72 0 K E OIRRERTER L )ik
ERANAE: A
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L7z D%z L TW5D (XX Phys. Rev. A
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BEAFFRIZ IRV TIE, IR E OIS L RIEZ 5 72012 X « TEFRETE 7~ L
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~ SONIC on new MPMD framework
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A number of models
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Each code can be independently developed.
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4) HRVAMESR, TUARR., RXE):

FRIER

1) SONIC ¥R 2L —3 3 U2k D AARDFERE 2 A4 N— 2B HO T OHER A,

JFRUERR AR T — A, 5 25 [B] NEXTEE b A~ 7)W%es, 7141, 2019.8
(Poster)

2) Kinetic effects on the thermal force on impurity under low collisional condition in
DEMO scrape-off layer, Y. Homma, K. Hoshino, S. Yamoto, S. Tokunaga, N. Asakura,

Y. Sakamoto and Joint Special Design Team for Fusion DEMO ,117th International

Workshop on Plasma Edge Theory in Fusion Devices, La Jolla, California,
USA,2019.8 (Oral)

3) Recent Developments of Plasma Exhaust and Divertor Design for Tokamak DEMO

Reactors ,N. Asakura, 14th International Symposium on Fusion Nuclear Technology
(ISFNT-14) ,Budapest, Hungary, 2019.9 (Oral)
4) Investigation of divertor operation for Japanese DEMO under low density SOL and
39



5)

6)

large power exhaust of Psep/R~30 MW/m level, "N. Asakura, Y. Homma, K. Hoshino,
Y. Sakamoto, and the Joint Special Design Team for Fusion DEMO" ,3rd Technical
Meeting on Divertor Concepts, Vienna, Austria ,2019.11 (Oral)

SONIC 'R = L—y 3 LD AARDFRFE 2 A N— 2281 I 7 T X< Fetk &
KPR O Wl s, 2E —4&, KW 0, SOR B8R, FRUERRGHE FRRI T
—2A, #3677 X~ - BAFR B, FHIE 2019.12  (Oral)

JFAUAR SOL 7°F A~ |2 Té?MB%{nuﬁOD EERR IR ONITE KR . KA B,
BB —/, #e e, SR B, FARURRREHARRRIT— A, % 36 BT X< - B
AR F, BAJ,2019.12 (Poster)
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7)

8)

Kinetic effects of the thermal force on impurity under low collisional condition in
DEMO scrape-off layer, Y. Homma, K. Hoshino, S. Yamoto, S. Tokunaga, N. Asakura,
Y. Sakamoto and Joint Special Design Team for Fusion DEMO, Nuclear Fusion, vol.
60, 046031, 2020.2

Comparison of the Process Systems Code With the SONIC Divertor Code ,J. Morris,
N. Asakura, Y. Homma, K. Hoshino, and M. Kovari, IEEE Transactions on Plasma
Science, vol. 48, 1799-1803, 2020.2

W TR R

9)

Final Report of BA Phase I, DEMO Design Activity (Chapter 4), Japan Home Team,
EU Home Team, DDA Unit of the IFERC Project Team, 2020.2
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(1) FABM:
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MENAEIT S & L BICEYL LTz He [K%E 77 A< ELEA~BEL, XA /N\—X THETLLEND
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O BWNTT T A= JELEIZ R L D AR A RT 24T o TRl B S 25 SO FE AL & 6
ORI LT, KB TFOIREBLE L, MG FIEORBE~ERT 22 L TH D,

(2) FARE-ER:
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BEERARNEREITH KU 7 NERRL B F
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HEHEm 2 — RAFEFI O v R = L—y g 2 Liu, RU 7 MEEREREERICENLS 2, EiE
FEIRIC B B O RZEEDNE R ST D ATG/TEM O3 L HEE X 415), H. Du b DT I
IZ[H. Du et al., Phys. Plasmas 24 122501 (2017).], @22 Y 2 v MIBWCIiL, MR E AR
DA ITG 2 TEM N REE 72 5 IRE AR OBIEIL, FEHEN 2B E AR OHA I EN,
—Ji. B E AR DERET 2 KU 7 MEOSEIIE IR T 2 81807 17 O BURE S AR T
DY, BT OFMBIEESEE TH S, K == —1THLRHHRHAICHENT, BT N
7 b ¥ @ 5y # L strong ballooning limit (238 W T 3 WK FREANQ+¢6)@Q—-1)2 -
V20 + Q)? =0T HXBND, T 2 TQUIET OKBNEA B THAR L LAWK, € =
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LT b O AT TR CH RN 2T WITHER L, & OERGFEEZR RO LERH D,
JRPTHI72 Y % A B T 7 L TIEH T s 2RI I A D VDT, KB Y ¥ A 2 EEERET
N W' T VA WD Rk S8 i fEif{k MHD 7 v &2 V270, WO Th
5o WNIA—ZAX Y L BEIWEEZZEX D LIREET L TYIalb—var&2i7) 2 ENE
FLW, 5%, ETNVOIEEZZDHRET L TWBLERD D,

() SEROFAFE:
BIGE T T A~ IR RN EE TH D, FRTF OGO He JROBFEFE L 7T X~
JEDER D> & OBREMILHS & [RIREIZN & T & 25T v  RADFEET 2008 9 B 6T
TOMENRD D, TO-HIZiX, ERR TN EK MHD €7 V& Sk kT2 & &
HICH AR T T VA2 FETILERDH D, BUE, ETVOBEICEFTLTBY, 2
NEFETAEERZREEORREZD SICHED L TETH D, WEEZRIL, HESH
TeE'TNVEMWTRBREZED D TETH D,

(4) RRVAMNZER, TLAREK., RXF):
SRR
1) Particle transport model in plasma peripheral region, M. Yagi, % 17 [al# & = — Rif
Jiex, & Hifi, 2019.12.5 (Oral)
2) Study on particle pinch for DEMO, M. Yagi ,16th IAEA TM on EPPI, &l i, 2019.9.4
(Poster)
3) Revisit of ion-mixing mode transport model, M. Yagi, K. Miki, N. Miyato, B. Scott,
14th Japan-Korea workshop ,Kasuga, Japan ,2019.7.27 (Oral)
4) Particle transport with inverted density gradient in peripheral region of tokamalk,
M. Yagi, N. Miyato, T. Takizuka, N. Kasuya, B. Scott, PET-2019, Sandiego,
USA ,2019.8.19 (Poster)
5) Prospect of plasma theory and simulation research for JA DEMO, M. Yagi , @& R
AR OEFEFRE RS SRR S VAR Y U A, BT ,2020.2.28 (Oral)
6) Particle transport model in plasma peripheral region, M. Yagi, 77 X~ @&
& FRHBJFN ,2019.12.1 (Poster)

42



Simulation study of transient and long-lived nonmodal solitary structures and their
use for control and diagnostics of fusion plasmas

7V —=7 TR A
R G = % VX —E8F8 X » ATEZ AR ZE BT
Bl Gy A7 AFGEBRRES 77 A~y I a2l —ya I —>7

(1) FABR/M:

The goal of this project was to find new pathways to control and diagnose magnetically
confined fusion plasmas. This is to address urgent issues that persist in projects such as JT
60SA, ITER and DEMO. In particular, this work is meant to contribute to devising methods to
control edge localized modes (ELM) and internal disruptions ("sawteeth"), and measure the
magnetic field pitch and plasma density. Moreover, we expect new insights concerning the
confinement of energetic particles (EP) in high-performance plasmas and their interactions
with magnetohydrodynamic (MHD) waves.

The physical objects of interest are three-dimensionally (3D) localized solitary structures
that may be transient or long-lived. Such nonmodal solitary structures can be produced by
strong external drive or form as a byproduct of abrupt violent bursts of plasma instabilities.
The attribute "nonmodal" means that the properties of the objects we study are not determined
by the global system boundaries (as in the case of usual eigenmodes) but by local plasma

nonuniformities.

(2) FARE-ER:
In FY2019, the ICE X supercomputer was used to continue our investigation of the

properties and dynamics two types of nonmodal structures in tokamak plasmas:

(i) Vacuum channels induced by a relativistically intense pulses of infrared light from a
modern high power laser system, such as J-KAREN-P at QST Kansai Photon Science Institute
(KPSD). The relativistic particle-in-cell (PIC) codes REMP [T. Esirkepov, QST KPSI] and
EPOCH [CFSA, Univ. Warwick] were used for thus purpose.

(i) Chaotic electromagnetic field structures caused by strong interactions between energetic
ions and magnetohydrodynamic waves (MHD) in a tokamak plasma driven by powerful beams,
such as JT-60U at JAEA (now QST) Naka Fusion Institute. The PIC-MHD hybrid code MEGA
[Y. Todo, NIFS] was used for this purpose.

For both phenomena, we performed sensitivity studies and numerical convergence tests.
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These simulations confirm earlier preliminary results obtained with lower spatial resolution.

The main findings may be summarized as follows:

(i) The laser-induced plasma cavities were found to collapse within 10 nanoseconds due
to thermal mixing of ions as shown in Fig.1. This means that, for realistic tokamak
conditions (low density and high temperature), the life time of the laser-induced
perturbations is too short for realizing our idea of laser-assisted MHD instability control.
This concludes our feasibility study “Laser-Assisted Regulation of Tokamak Fusion Plasmas”
[QST Director Fund, FY2017-2019] with a negative result. For details, please refer to our
project report submitted to QST Innovation Center [H31 « RO1 BiISAUEIF R 7 7 o R#lES.
RIREIBFZE 1 91].

Fig.1: Evolution of the ion density around an imposed circular vacuum channel (t=0) in a

i Deuteron density n_ [102 em ] ‘ tokamak plasma. In contrast
i y=0 i x=0 to the unmagne-tized case
30 i ariinid 30 Py e (red box), the 2 T magnetic
=" .
20 aoozns | | field prevents the channel
10 | ‘ L 10.01 ns |
ng (103 cm3] [0 3 i from collapsing on the time
¥ -2 o] 2_.-2 0 2
T : 4 20 .
| HO - : e T scale of electron motion (~0.1
0.5 2 LI
= g =g 8 HZU ns). However, it is found that
E 0 ] ] . .
5 i £ . e the channel is still eroded
-0.5 F 6 ;S 6 i@
e - ‘% i within 10 ns due to thermal
5 6 74 ‘\ : k | . .
x [(mm] Gl 4 . gyromotion of the 3 keV
Unmagnetized ' . .
B=0 2 2 deuterons. The main reason is
— 1.5
L the low density that is
- 0‘80 ? 4 o 2 0 2 ¢ 2 0 2 Y
S ) i ) il achievable in tokamaks (<

1014 cm3). The low density
means that the electromagnetic fields induced around the channel boundary are too weak to

compete with the inertial force of multi-keV ions.

(ii) Simulations of Abrupt Large-amplitude Events (ALE) as seen in JT-60U plasmas
were performed using the MEGA code. We have increased the spatial resolution by up to a
factor 4 in each dimension and reduced the viisco-resistive dissipation by factors 0.5 and 0.3.
It 1s found that these computationally expensive high-resolution simulations still reproduce
the formation of magnetic islands after a brief phase of electromagnetic chaos that is present
during an ALE. This confirms novel but tentative results mentioned at the end of our recent
paper on this topic [A. Bierwage et al, Nature Communications 9 (2018) 3282, Fig.7]. This
means that, at least within the realm of the visco-resistive MHD plasma model, the
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unexpected formation of magnetic islands appears to be a robust phenomenon. In addition,
we performed long-time simulations (~ 200 ms) of multiple ALE events with and without
fast ion magnetization current. We found that this affects the nonlinear instability
thresholds, but the overall cyclic recurrence of ALEs is robust. This result will be useful for
the study of the ALE trigger mechanism, because it allowed us to expand our database of

possible ALE patterns.

(3) SEROFATFE:

The successful convergence tests performed in FY2019 using the HPC systems JFRS-1
(QST), ICE X (JAEA) and K (RIKEN) justify the publication of the our results, and several
papers are currently being prepared for submission to peer-reviewed scientific journals.
Besides the dissemination of existing results, our research plan is as follows:

(i) Although the control of MHD activity with high power lasers was found to be
infeasible, there still remains the possibility that the laser-induced perturbation can be
employed for the development of novel diagnostics (such as magnetic field measurements in
the plasma core). The possibility of this and other applications will be examined in the
future.

(ii) We will continue our investigation of the ALE trigger mechanism and magnetic
reconnection physics using the expanded database of ALE patterns that we have
accumulated until FY2019. The possible role of Alfven waves in magnetic reconnection as
demonstrated in our simulations may have a large impact on our understanding of magnetic

confinement and plasma dynamics, both in the laboratory and in space plasmas.

(4) BRVAMESR, TLAREK. BXE):

TR

1) Effect of relativistically intense laser pulse in a tokamak plasma: Results of scaled
simulations and experiments in cold gas limit , A. Bierwage, 5th UNIST-Kyoto
Workshop on  “Physics validation and control of turbulent transport and MHD in
fusion plasmas” , Gyeongju, South Korea, 2019.4 (Oral)

2) Effect of relativistically intense laser pulses on magnetically confined plasmas, A.
Bierwage, 46th EPS Conference on Plasma Physics, Milan, Italy, 2019.7 (Poster)

3) 9 Years of Research on Energetic Ion Physics in NEXT Project, A. Bierwage, 25th
NEXT Meeting, Uji, Kyoto, Japan, 2019.8 (Oral)

4) Magnetic reconnection during fast ion driven Alfvenic activity, A. Bierwage, 16th
TAEA Technical Meeting on Energetic Particls in Magnetic Confinement Systems,
Shizuoka, Japan, 2019.9 (Oral)
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5) Exploratory research on control and diagnostics of MHD activity in tokamaks using
high-power lasers , A. Bierwage, NIFS MHD Workshop, Toki, Gifu, Japan, 2019.12
(Oral)
WP 7
6) Laser-Assisted Regulation of Tokamak Fusion Plasmas, €7V —/% 7 KL 7T X,
H31 - RO1 BRREAUEE R R 7 7 > R4, AlEkiiisE 1 9 (administered by QST
Innovation Center), 2020.3
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G = VX —E N o iR A BF e AT
KA Y AT LMFGERRSEES « 77 A~HiRv I 2l —yva v I—7

(1) FABM:

BB CiA OB AR B & U TREMICHKN. T 5 720IEmOW_—2E (FL7 7 X
~DESE A NVPEDEKIEDL) OF T X~ & 2 EIHER T IR OB ENLETH 5,
N—=ZEDORFUL R LT T A~ DFET) & BIICER T 5 BRI RN L EMEICHIB I TE D |
NR— L RAEOIF LT T X~ DRt 223 2 BT MHD Z2E MR & O Uz 553 < #fE
PR — FRBERINTE 2, ZHUTMA T, TF CTIXEMIRIER RLEENRE LIthD 7T X
~ ) (T4 AT T ay) OFNTOBEBEENE L CTND, T4 AT TV a B ET D LS
23D DOFIEHN FAZI2NT T X256 OBOIE X ] LLER O 2BER 3 2 0 . AR OB E
D Z B AREEDR H D, FFIZ ITER HE CIET A AT /v a VL 2EEOMEIZI v v a Vi
fic & 2 2 MER O EOBLEND, TEDRY YA 72X L TELELH D,

U EDOEREBE 2, AIERETIIT 4 A7 7Y a VRAEDFIN & 72 2 BRI R EME
DRI E T 4 AT TV a VREBRD T T A ZFBE T T 27200y I 2 Lb—ra Ui E
Fh L TW5, RO FIRIT, B#E 77 A~ P FET Hmm X —h+ (BF. 1 4)
ENRNNG TR EOMEEREZBET L2 L THEROET Y V7, v Ialb—varamE
L. BEERABRENT 4 27 72 2 > ORBETEOMIERBICEMRT 2 2 L12bh b,

(2) FARE-ER:

O BB ERIARZL EPERAT = — RITBIT 2 RIS K OWF R R

AN BV THTE 2 HE D TV D | 1L —R 2R & 5 O 1o M 2 EVERAT & 7 LV Tl
PNV T T T A DERICR L EMEZ T 92 MINERVA 22— R & E o)L X —h - #E OE >
TN EZ{T9 DKPRES 22— RZAabE, @Mk X —hF03MEDEEELOR %
ML U= B EVERT A 21T O, 2 E TIZEEE N~ 27 WEiEEIATPAICK T D ha A &
NTNT T2 EHREE—= RORFv—0 7 =2 L OBz RN L, AUETHELLZY L—A
U — 7 BEROFFRICIRS L TRE R R T 5 A0 2 L 2R LTV D,

SEFEITFLT T A~ 20 A EZE RO A IREXIEIOZRICER Lica— FE¥E %
Fhta L7z, JT-60U ZE{E Tl R /L ¥ —hi & BRI T — ROREEIT L o TRAET HKE R
ANEEMWEPBH SN TN D, ZORZEWDREILT T X~ 2 B0 FTeBRBE~ DR D L Ak
HEEFF OB ER CTHRET 22 & T, 20O &0 D ET R )VX—h 7 BRE#) BT — R (Energetic
Particle-driven Wall Mode; EWM) & FEIZAL TV 5, EWM % 1Y 5 7= OIZIZTH RO BESIEILE
FFOEMERBEOI ) VR KBETH D, ARESIRIINEE & 22 OBROEX, FENLERH)
Bi5:(Vertical displacement event; VDE) ¢, ITER ® X 9 7efit O HIBWiH &2 £FF> 7 T X~ 1Ll
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L, bAoA X EXTREMelX 2(b)] CIEIARLEENKRET 5 & E— FEFEEIC L0 280
T E R/ T DWIGANT MBS ND, £lo, HilcBiRE Lz haA il EXTREMe =2 —
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4) BBURANMESR, TUARRKR., AXE):

ek
1) NI~ T4 AT T2 a BT kEEFREBHIMIT-EmET U v 7RO IR,
Wl B, 7T X~ - EREFAEE, vol. 95, no. 12, 589-595 , 2020.3
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(1) FABM:

7T R~ b FATERZ JE D fk fEEE(Edge Transport Barrier) 3 AL S A, J7.0 O B UiADIYERE
NYGET 2 H T— NiEIX ITER RXFAYF OEEEIRE— N CTh o, LorL2d s, ETB Bk
DEFHMFTE L L CIIREBEHCT 7 A~ a0 > 7 N7 T X< EL &2 3 L CHkFEEE A TR S h
DETNVENRREINTVDLDN, ERZEREIICHIATE 27 /L OMLIZITE > T, ETB
RO CIADMREZIRET HEN T AL VDR mE 252 5FF /L LTIL EPED ®
FUABEL NN TEY ERARER S HFH L TWAS, - FREHEIC X 2RI Th T
WY, F7o, ETB EREOELHIELE— R (ELM) (2K 537 A X LD RAgamfe O BfRix 7
7 X5t OFFEART OB S ITER « JFEUFIZ T 720 L7 7 X~ 980 BE R FRE D
—DOTh b,

ARPETIX, "M H~27 77 X~F@ MHD &L % seilk 3 2 @ bR SRR ) 7 il
BT EENT 2 M0 H HRITEOH) GV EEA LT ETB EE T VA V7o KE S
Jalb—va i, ETBBEAARE X < BB 2R ELIRERNE £ 7 L & BiF 3 5 72 O O W PRy
Bt aBs 2 L, BRRELE— FELMEF ML AR I 2 b—2 3 U B IESRF R
ZNDIELE SO LREZRET 2WBEER LT D2 L, T RYVEERIC I T DR 72
R FE DY B 2 R T 2 Z L HRYE LTV 2D,

(2) FARE-ER:

TR B OVHREERFIZ BT DR BB O M B 2 AR5 Z L B & LT, SRR 80 4R
FEZH - FE R O ) ABCEEENR A Z EVE DERE S D ELM OIFRES I 2 L—3 3 U EAT
W, RTFRAYVEREERIC T T A< LR & BRI O AERIZ X0 ELE LSV R L CIER
FTEEDMERET D Z LI L D = RV F— B KT 5 & 9 37 2 XV EREERE O Bk O Hr
L\ EE RS & 7P L 7-[H. Seto et al., Phys. Plasmas 2019], L2 L7286, Z OF R Tl iy
ES WHIRIBICB T 24 A OO V) OFBEEZZE L TWRNroTz, D E
(X W R L O RES O A a2 NS T A —5 L L TRT A X VAREETE O EE
BRaATV, PHREY ) ELM OSBRI 5 2 5 8% Gk LT,

X 1 IR BRI 2 PR B OFBE F LR LOTH D, K1 b LY, Pk
BHEEEAN LG AIIREL YT (EMEEOE) ICLREMIEIY, &2CTOhaA X LT
— FICBW T T 7 A~ REEEOBMIERERNBD L TWDE 2 En3gnnd, £/-, BRESL LT
OLEERITE b A ZT— FEIZBOWTLVBIERAL TV Z LR d,
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1(a): BIERERD b oA ZE— FERIEFME, (b): BESEBE D b oA 2 0E— FRIKF
e, 22T RITTHlEEL 2 BB LW E, HITHHREL 2 S5E LIEL O ER T,

— 5T, R AR BT A L i, ) 2SR K ) IO PR RS A AT
L&, PREYS Y TIZL HE MHD REEMOLRECHINE X | <T A X VRN AT
L (B =k ¥ — B ORI E 2854, K 2D t<2 OfFkAE S R) 1TEL 2d 0, X
T AL VERBEIEON I S D =R X —RITH KT RN G ONT, —F T, XT A LA
Bt (>4, X 2O & i, REZIIR e A T U CHERL) 2BV TiE, Bl s
Bl & OMBEERZ I L TR SN HREY & PlRELO SN MHET 52 LIk Vil
T 2R EFFOREL O T B ELT2D (K 20), FHEESZ B E L5 a 1 XEL A8
TN LD ROV R S FFETE 2 (K 200 KU 2(d), & DOFER, FlES 4 B8 L)
D, BRI ERE) S AL D BRSNS R T D720 BT R X — BB KT 5 L0 O #G S L
776

H%IL. 7T A~ EEROZN R ZHANT D EOFMERELET NV OREL, X GRXOmNL
Braginskii &7 /b ~OEE, FEEBRARNTIZ 0 72 REROE D 4 A N—Z BT A 4TV, BOUT+H+ =

3 008 = _ O | = P 2 (a) : M oL F —
S @) g 40l | = TFEEEL
[ 0.06+ - P~ IR TR OIS 2 - S @E#Fﬁﬁ%\é@\ (b) . ﬁ?ﬁﬁ%%@%
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‘L\' 0.04F - ff ... SN 0 ; : DAR & T A X )V AR EEH
002} | T EmERL B ol : (4<t<10) OEFES DY
' | - FHERY —£Ur s .
H ool ———=—= PS-_48 oA (FERR) & 53 AT DAFIERH
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() SHROFIAFE:

BOUT++2— ROBAT/N— 5 Tl CH11BEREILES W BT 5 23, ICE X GHAH
TIHEASN TS GNU 2034 T DONR—T g Uitz GNU 222231 50 C++11 BERE
JEEAZFIAT 5 Intel 22734 TI2BWT CHH11EREILIENFIH TE 20, 2D, a—F
FiFs & T m i va T L OFEITIE CH+11 BEREIEIEANFI A Wl RE 72 &7 B AN B 50 BR R A A3
HEH 21T > T\ 5 JFRS-1 §H5HMZ VTl . ICE X A HEEOFIMIXIBM® BOUT++=— K
LDORF2— 7 EDRERREDTH D, 5 2FERKN OB S 115 QST-JAEA KM
AR OFIRICEIL Tk, CH11 BERBILIR DRI C& 2456 1X CPU BHAEERAFIH L T 7 m
XyarI o BEMTHTETHD,

(4) RRVANMNZER, TLAREK., RXF):
FRRER

1) Numerical improvement in BOUT++ framework for multiple-mode ELM crash
simulation including off-resonant mode and its application, #f/= &, X.Q. Xu,

B.D. Dudson, &A #E##, 5th UNIST - Kyoto U. Workshop on  “Physics validation and
control of turbulent transport and MHD in fusion plasmas” , Busan,Korea , 2019.4
(Oral)

2) Simulation study on ELMs by BOUT++ framework including toroidal-axisymmetric
flow and magnetic field driven by short wave-length instability, = F#f, X.Q. Xu,
B.D. Dudson, <A %, 17th International Workshop on Plasma Edge Theory in
Fusion Devices, San Diego, USA, 2019.8 (Oral)

3) Simulation Study on Impact of Pedestal Height on Energy Loss Process with Resistive
Ballooning Turbulence during Pedestal Collapse, i/~ ###f, X.Q. Xu, B.D. Dudson,
R HERH, 16th IAEA Technical Meeting on Energetic Particles in Magnetic
Confinement Systems - Theory of Plasma Instabilities (EPPI 2019) ,Shizuoka, Japan,
2019.9 (Poster)

4) "EN AR E DR — FOERIE Y R 2 b—3 a3 UAIFROER" JEF FR,
X.Q. Xu, B.D. Dudson, A Hfi, 77 X~ « @G F= 5 36 [HFES, FAHHEER,
2019.12 (Oral)
10K

5) Interplay between fluctuation driven toroidal axisymmetric flows and resistive
ballooning mode turbulence INTERPLAY BETWEEN FLUCTUATION DRIVEN
TOROIDAL AXISYMMETRIC FLOWS AND RESISTIVE BALLOONING MODE
TURBULENCE, H. Seto, X.Q. Xu, B.D. Dudson, M. Yagi, Physics of Plasmas, vol.26,
062507, 2019.5
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RBELERSHFOBE, FA T IV RABROEODL I aL—Y 3 UEITORFELE
ZTDET

T FH2, Kumar Amarjeet, HE &
ARk
HERSF I 2 —YaryI—7

(1) FABM:

DNA 05 R EHE, Mz id, EGEHORS®ERTHLTHD, B ME2ED, B
BAYO DNA 13, £EHA— FMUIZKES DNA NEENEI 7 o oohizar 7 ML
SN TWD, ZOIHSNI-EEDEARRMAEEN X 7 LAY =L ThHD, ZOXT LAY —
LML, BRE, R B, HAMRZ e EOMR T, A L BAERIC X D F OLE RS TR
EEZTODN, TOMHMBRLEZNNINETED LI REEELT-LT T L L oo T
WV, AT ab—ig T, BB TRENICEND X7 LAY — L KO OLFHER DOEN
D, O EECHEED X ) RENEELH L THWDHONHLNIT D,

AL, BIFEARP OISR RN S LD X 7 LA Y — 5O EME SR G A4 Bh i i (K 7
MORF % LRI ED X 7 VA — LRkt & fhr U=,

(2) FARE-ER:
BRAEPLICREMICEREND X 7 LA Y — A DOREMEMEHT

BRAM O 7 5 DNA L, fIlaERNICX 7 LAy —
LAELTIIESNTWS, X7 LAY —AF, EARMIZ 4
DOE A MZUR7E | H3, H4, H2A, H2B N2
20T DO A-7 8 BIRITHK 150 Mkt D DNA H3& =
FPWTeHEERTH S, L L, BIFURHDICRERNICE
ENDX 7 LAY —AME, H3 REDOERKTH D
CENP-AICEZ#HD-> T %, CENP-AICESHDDZ - DNA@W%%F DNA 05
BT, X0 LAY ADRBIEEO LI CEDSOTE i Gern) s lc
AN ENEMRDHT72H, CENP-A 75 DNA 23 figgf 15
T LMD B BT R X 21T (K1), WEICT
S>T-H3Z&81eX 7 LAY —LAOHHATRLE—L D
WA AT o7,

DNA ORI ORISR T2 BH =L F—4%[X 2
W27, KD, 10ns LEOFHE THHTZRLE—0
ERINK L TWDDOMNG0nD, £Z T, 15ns Tt % 407760 80 100 120 140 160 180

. B . end to end distance (A)
T L, BR=RALX—MT 21T 572, DNA A& 5 2. DNA AEBEIC S5 B f1 %
WZAREED DNA AKHRHERREILK 60A Th D, H3 X2l maizmiy phe o
LAY —ADH4A. 0 DNA NEE - REETT R — DEDIL R DR 2T,

NS
10ns
12ns
14ns

5ns

[y
o

free energy (kcal/mol)
o «
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JL 3 — {3/ Ml % Bt - 72 (Kono H, Sakuraba S, Ishida H: PLoS Comp. Biol 2018, 14:
e1006024.) ., —J, CENP-A X7 LAY —LDHE, 1T-o& 0 & Lizk/IMEZE-3. 100
5120 A fHECIRVMEZ R L2, 202 L%, CENP-A X2 LY —ATIEfND DNA 3 &
2RI LS ESERRELZF L DVOHETE > TV Z & &2mrd, BIFIEETERK
THITIE, OZL DF NIV EOEEPLETH Y, CENP-AX 7 LAY =LA
DNA 3BAWTZIRRBIL, 2O DX I ENERET LG ThL B2 bND, 2D L5 RG%
BT 27012, BFEAETOICIE, H3 B2 oS CENP-A (T X b 7= X 7 L Y — L3k
BRSNS L RSN,

MORF &2 v X7 BDX 7 LAY — LTk

MORF # VX7 &1L, X7 LAY —LEHERLTWDHE A R H3 @ N KD —EMEE %
LRNWT — /L EMHIN D HEEICHE G T D, ZORAIE, T—MZH DU VU (K) 7 vv
(L&D Z ETRENRIND Z ENRDDS> TWIER, ZDORAT=ALIONTIIbD> TWR)
o, FZT, VPrOT7 I MMbAED LELORETY I 2 b—a VEFT L, BHRZFAT
T5720, £T. TUMMEREO G E & EFERICEVRE L, 20%, TR &
L ORMECTHMS TEINFHELZER L., ZO/KR. 7obknd s L, mHCHHT (A
yaA o) LS (BY V) ORTTKER/RGORITIEZ ATV RPLREELENLT
WHZ W nole (3), T bR 72neg TO XD T ZITE Z b FRLITHE N
Ansdz Enhnois (K4),

DPF-H3 EEARDREILDAD=X L

| r>\ F;18

1267 Kidar) , 1267 _
ey Swieed o e a
nl 4 h pr— ) (NH 0= l'_‘ [
A ¢ s217 i ') o qf' 5217
1-R e dDj b .
PR MORF .. Ser2170y to H3K14crNC distance
MORF n(iu;uﬁ):l DPF :('qusf'_}:lfsn\}:fsu):- 20 201 20
— VSl N . E,{z " |
MORF,, = o—— ==Hﬂ“"-'—“— ‘
— . 4 L fn.
= =53 LY L
e {
2 N
c 10 10
8 "
0
a cai Ip— él
= -
20 =t 1
0 0 0
OPF () + 20" (46) 0 50 100 1500 50 100 150 0.0 05 00 02
s ERRLF— L) Time (ns) pr Dens (A)

K3. HAMORF D& v X 2EHD—E, TAKR) =R AtV Ry AA2EO—E ().
T EREICL T3 1267 & S217 L oKERES (H).
4. MORF o4& ffE&E e HE L v 274 (5, S217 oER T T bain s Kld o
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SERIFT L O (). 16 KDL L 72 150 ns @ MD OfER 2 & BEEED 1R % FHR L 720

() SHROFIAPE:

X7 VA=A, SEIERMFHEMEZ T, FNS U THAEERT 2 Z N\ EEE
25, BT, TNENOHEMZRFET DY VXV B EOMBEERAT=A L, X7 LAY
—ANEELTEX 7 LAY — AL BEOREE XA FI 7 A, IBIT, FURTEORAEIZLD
R VH Y — DB BRDOEELARE A T2 7 AT ETD Z L T, B LN
DNA AR RE DO BIR A BT H 20 L T &E 720,

(4) BRYRMESR, TURARR. RXF):

ERRE

1)

2)

3)

4)

Integrated approach of experimental data and computer modeling and simulation for

understanding chromatin structure and dynamics. , Kono, H. Matsumoto, A. Sakuraba,
S. Ishida, H. % 57 [B] H KM B A2, Hik, 2019.9 (Oral)

X7 VA Y — LD LT, W FHE, Luo, D., A H 1H, & 19 HAELAER TS
& 0 T B HAM A SR RE BRFRRE, #7, 2019.6 (Oral)

IKREBD e BB PMEEBR NGO XA F I 7 AHEE L MD 7 — Z ffiric X 2 EERIELO
#eE, W Bk, TRbFe o o Ea— 2 bEis (6 106 [Efls) , Kk, 2019.1
(Oral)

BTV T LU a b=y a TR D EERGES T OREREREMYT, T F5i&, CBIL ¥
2019 - K%, H, 2019.1 (Oral)

T S

5)

6)

7)

8)

9)

Structural Studies of Overlapping Dinucleosomes in Solution, Matsumoto, A.; Sugiyama,
M.; Zhenhai, L.; Martel, A.; Porcar, L.; Inoue, R.; Kato, D.; Osakabe, A.; Kurumizaka, H.;
Kono, H., Biophysical J., 118 (4), 1-11, 2020
Role of the photosystem II as an environment on the oxidation free energy of the Mn
cluster from S1 to S2, Takahashi, H.; Suzuoka, D.; Sakuraba, S.; Morita, A., J. Phys.
Chem. B., 123, 7081-7091, 2019
Balance between DNA-binding affinity and specificity enables selective recognition
of longer target sequences in vivo, Sunami, T.; Kono, H., Protein Science, 28 (9),
1630-1639, 2019

Free Energy Profile for Unwrapping Outer Superhelical Turn of CENP-A Nucleosome.,
Kono, H.; Sakuraba, S.; Ishida, H.,, Biophysics and Physicobiology, 16, 337-343, 2019
Histone H3K23-specific acetylation by MORF is coupled to H3K14 acylation, Klein,
B. J.; Jang, S. M.; Lachance, C.; Mi, W.; Sakuraba, S.; Krajewski, K.; Lyu, J.; Wang,
W. W.; Sidoli, S.; Yan, K.; Liu, J.; Zhang, Y.; Roques, C.; Fournier, E.; Wang, X.;
Warfield, B. M.; Yang, X.-J.; Garcia, B. A.; Liu, W. R.; Li, W.; Strahl, B. D.; Kono, H.;
Shi, X.; Coté, J.; Kutateladze, T. G., Nature Communication, 10, 4724, 2019

57



BEHRREITH 0T 2 RBEERE D FORBERIRA 1 = X LB
fFH TE, RAR E
A A BRI
BRI a2 —va I —>7

(1) FABM:

AERHTIE, B E ORI X Y DNA 13F G EZ T T\ 5, 1 DNA Off-
T2BREHRNOE T DRE X R B b E G SR RN & 5720 IEW e RRE %
HMERF S 2 72D DAEIRBOE B LEEAR AR T D, AWFERETIX, WEFEE £ TITlED 7o A RGeS
B2 AT % ik A ISR, &Ek LT, DNA o#ll [EE, iEICh O 245X
I VA —LExR (K1) &, X7 A Y —AEE0 - DNA [Ch U hEEH S L
EOX T VA Y —LDINEZHRET D, MIEZNO DNA X, 2T 5oLt no
TR A L 222 T T D, BlziE, RNA R U X F—EH DNA % mRNA ([ZHzE 4%
B, RU AT —BOMITT HEIIFED MVY (RRUIRLA R L R) B T L% ARNZAD
FL7 (RURARLVR) BohbEEb T, ZOXHIREADRTNA N LA, X
I UAY —AEEDOREMICED L R BE 52 50 % T 5, LLE, BRI
T KBRS S F OMRERBLY I 2 L—2 3 VOETREEND, 2 OBEERBLA 1 =X A
ZHOMNTT D,

(2) FARE-ER:
AKHBEORIT, X7 VA Y —0 (k. AF % .
EHTHK 46 FIRTH) OF% (X1 20), DNA
fEREIZ DUV T, DNA i 2 (R ET 57201z e C
ARy F kK SR TEAT L, z
FHRTFIEIL, X7 LAY — 2 DNA Ok
FEEE A SO EREIZERE L7 ABMD HH T xR/L
AR, A, ABMD BTl L
F—FHFIEEA S LA T I 7 AEOHET, v y
Lal—va VHORISEEBCA Y AEOR [ @1 . % L4y — AOR.
=R VX — & R L TAERIN DA T AR DNA@wv@@%ﬁh%ﬁ%txb
S M ORI R T v | 32070 B H28 (0, HIB0D
BN L CTETT 52 & TUAWEHOY 7 Imﬁﬁﬁ%ﬁéjétwm*%(tgb
PEFIRT DN TINEY 2 by s iiTh | (gt B RS APV A
%, LDOEDYITIE, KT e A L EhiE
BbIc, X2 LAY — A DNA Ok iy s | § e FROWAL AT AT
oDV Ialb—varEElLEZ, 90MED
X VEY = LR EGEESET CTHEL, RFMICDIE20 7Y o 7275 2 LIk, X7
LAY — 2 DNA OffHEREZ A< . —RRICAERT 22 LN TE 7, 2Tk, X7 4y —24
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DNA M L T2 X S 2 WIS & L QIXsEslc& o 72X 7 LAY — 4 DNA figfif
DYIalb—a ik Lz,

K2, DNA KIHZEAT 2R UNA L AOBRERRDDIC, ELADRLENA R LA,
NENARLVARLD3IODEETDOY I 21— araFETL, BALNA ML ADOREEFHAR
2o #ER, RUNA FLARRWEAICIE, 250 DNA RO~ 150Dt 2 k> H3 S
BEL7-%. b9 ~FHODNAKRME S 9 — Db A M H3 BT 25 Z L ibhroT-, 2 LT,
M5 DNA Kt A b H3 oS 5 &, £72—FH 0 DNA Kiufl]l2s 1 >De & k2
H2A/H2B OB L IZH 5 —HOREHN S 9 120k A K H2A/H2B 2 bfifiid 5 2 &
Dhhole, WIZ, IEORLILA N A% DNA KimlZ/EH S5 &, 150 DNA Kigade A b
v H3 MOt L=, o FE EH URmMO
(H2AB/H2B 75 @) DNA fig 25473 25 1
MBI Sz (K2 2/ . £ D RRHT,
BADORLNANVAZIEHEES L, BEX MY
H2A/H2B 75 D DNA fRBERE Z v iz <72
L ENbhholo, fEEELT. DNA OYELRRE
P2 PR 2 72912, fiflE L7 DNA DR
REh Y OAEEFE Lz 2 A, fEEE DNA
DN OMET, ELADRTNARNLA

TER R T, 2N ENIEKR, B35 2 &abnn
STz, 2O LiX DNA OWELRRE (M0 <
3 ) & DNARRERBEBRL TS Z &2 L
TWb, bk, Al A ML AIZL->T, DNA

2 : X7 LAY —2d DNA HEEfE L 7B 1,
figffE L7= DNA %R C., ZOMIIHF Trd,
EDORUNA ML AZDNAIIERASES L L,
B L7 DNA (R) 236 < EARIRIZZ2 D . DNA
iR BEAMERE XL D,

FREEIRIEN KR E S ED D Z RNy notz, F
W2, EORLENANVAGFIET, 2E0, AU AT —EDDNA EBEHIZMHE>TAEL D NITE -
T, DNA IZREEL 0T K R o TWVABEF N Y I 2 L—a VRN SRR ENT-, DD
BIX. DNAIZD D HIZE»ThH, BB TORBNHIE S5 fTREMEEZ RE L T 5,
BT, A%, MERBEBHT XX M A2 FITT 572010, 2ot ABMD {EDOBSE 2 %0 L
7oo ZHVETO ABMD {ETIE 1L IRIEDSUSERE LINAWD Z E N TE Mo Teh . ZRITHUG
JEREDhfE i & &R I T B3 T A ) Ot & &> L 512 B-Spline ffisg48AT5Z LT, %
WICF SRS TR Wz 5 & 912 UTn, A 2 RICFSIERE RS 7 o Z 3R A i+
D

() SHROFIAFE:

SRIE. X7 VE Y= DERT 28 NGET (X7 v A Y — 562 RO ERR I X
LA EBE L TWASEEET) I2hB 5 A N UfRBEARER E2FTH~5 Z & T, Hdi
AT D AR F DREEFBLA N = X L BT LT,
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(4) RRVANMNZER, TLAREK., RX%):
1) Free Energy Profile for Unwrapping Outer Superhelical Turn of CENP-A Nucleosom ,
B FHi, REE 8, f1M fH , Biophysics and Physicobiology ,vol.16,337-343 ,2019.12
2) Structural Studies of Overlapping Dinucleosomes in Solution A4 {5, {if#y FHk |

Biophysical journal ,2020.1
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1

BRFHRIZCK S DNA #EEOYIEEE T2 L—2 3

AR
A A A B R
DNA #HELFE 7 IV —7

(1) FABM:

R HRIC K DD ATRRITEWRIEIR ERSZ ERmon Ty, TOEEDO—DF7 7 A
4 —DNA HEEED L EEZ LN TWS, LinLAeNb, 77 2% —DNA #HIEO 4RI
o TR, ZOMENR 3 UE, K0 @SWVIREIREZ b OB AIRRD ESEIZ D723 H DT
FRVnEEZ VI al—a rTIREMRTOD Y 7 A X —DNARBEO LR THS Z L%
EEi=p

7 7 A4 —DNA HEDOIEEZ T 5121, DNABIEOEM M EZHR L 0E NS 5H, B
IZ K DEZEERECHAET L KET (B FREEEMCA L2 BHET) IXEAL-H SRR
AP Lz = p L ¥ — D Koy & IR OEIPHICE S, 2 OE 7= /L ¥ —IZ k- T DNA #5
MWAELDEZEZBNTVWD, £Z T, DNA HEOHEICIE - REFOEBNEECTHDH LE X,
BEOay Ea— 22 AEH LT, ZIRETOEH I 2L —2a UETLVOREELITI Z
iz L7z,

R LB L ZIRE 12T T BENFROS A A B ERT 208, 2001 A
F U RRFTIC BB AR T DO T, TRHDN A A IMESARES (E) N RKETO
EENCEETHOTIERVWNEEZ, ZOBLOFEEZEZE L _RKEFOESHOVI 2L —v
a VET VORI EIT T, ZOBEHN KB OEBNCHELY 5 2 5 Z 1%, 100 F1X ERHiC,
HERETT VORI AnbTWe, ZOHmTEHEZ bNICMEITBETHL RO EE TH
HIZHhbbT, BxOFHETANRBERINDIETYIalb—Ta VET LTI, O
TR SN CTE 2, EHIC, ZOBBORENI L E2RR LB TR TR, Fx v
Ralb—varid, ZOBRECBEMZFERT S Z LICEHIL, Y Ia—va v ETLVORYMN
AR TEL ERDOETATIEZOBIELHATE 2N EHHLMNILE), T2bb, Z
DYIalb—ra ik, ZREOEE DNA HBIEEOZERAMIZK L TEROET VLD
HEFEITTVRZFHLT 5 2 EBHRFTE ZNIC LY 7 T 2 % —DNA 50 4 ki o #fig
bIREDLZ EBWIFFTE S,

ZOETFNAEANE CIREFDOEHODT I 2 L—3 a3 b DNA BEDOZEM S fhZ2 AfED 5
DIZARAIR T 2B R (R FRROPUED O OREF &ML LofiE) ovIalb
—va VETVOEBIT S TV D, BV RS ILIRFH#R0Y ATRE OIRHREHEIZ V54T
WA EAEMERFZONSE THEH ThH 5,

BT, BERBRESAN DRI CORE FHEZHETE 22 Nbhoie, ZOWE L
FFBNZRZ I SR T2 E M TRITE 55, FERICBWRIFETEC DENHK & L THER
TIEH A0, BRI TS, BWZRICE Y DNA OEFHDOKOREENRNLZENT D Z & THl
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TE 5, ZOREERRETAKIIAK (DNAIZFHEELTWDKST) OD N A~DHAEEZTTD,
Z S DNA BISICHEET D REENH 5 L B2 T, BUBEDO Y 2 a2 Lb—v 3 VBT AES AT
I LT LT, BAIORAELE LT, E TRV I 2 b—va U D ELNTIRRESHAND
E EFEZHEL, Tho bEBWZENE - 2% S 72,

(2) FARE-ER:

RMEY I 2 L—a VDL IR EOEM A E R, Tha AV, BEE%
D JRFTiENE = & ORE EF(TY % RAES 5, 1kg FOKIZKDFI1X, BEZ 3.3x 102 #, 174E
T4, ZNDZIT, W EN 1Gy E1JkeD & & 1 5DOKY T 5T 52 R0 X —(Epm)
X . BEE, 1/(8.83x102)~3x1026J TH D, Tr=2/3 Epm & EITFTDHDT, J (V=2—/)
5K (e y) ICHMNET 5L, 1Gy(=E1d/kgDE &, T,~0.002K L7225, KoOHCHL
BUREIIB L% 10-5(ecm/s) 72 DT, r=0fH I TR I >7mZF VX —(EN r~1nm £FTEB X
Z 1ns (F/B) THIHSND Z LR bhoTz, ZRAF—(FERRM S L COEERRIEIZ 72 0 |
RIEZIRE CTRT LN TEDLDICE R AT =N EEN%, Fps (Baf) &AL -7,
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